Abstract-The aim of the regional project SIMPAA2, which continues the research activities of the former national research SIMPAA project, is the realization of a hardware simulator of MIMO propagation channels for UMTS and WLAN applications. The simulator must reproduce the behavior of the radio propagation channel, thus making it possible to test "on table" the mobile radio equipments. The advantages are: low cost, short test duration, possibility to ensure the same test conditions in order to compare the performance of various equipments.
This article presents the design of a hardware simulator for indoor/outdoor MIMO radio channels. Section 2 describes the classification of the environments and the main propagation phenomena. Section 3 deals with the design of the channel simulator. It is divided into three parts : Channel model, RF and digital blocks describing their respective architecture and several parameters useful to design the hardware simulator. Lastly, Section 4 shows the software simulation of a SISO (Single-Input Single-Output) propagation channel. This simulation allows the optimal choice of several parameters: number of bits per sample, data format (floating-point, fixedpoint), truncation introducing an error, etc. The trade-off between results accuracy and complexity represents an important choice during the design of the hardware simulator.
This software simulation is an essential step before the hardware implementation.
II. PROPAGATION ENVIRONMENT
The development of a radio communication system requires the knowledge of the main characteristics of the propagation channel.
Within the context of wireless communications in UMTS networks, the propagation environments can be classified in several cells categories [1] , differentiated by their size, traffic, number and dimensions of the obstacles liable to disturb the electromagnetic wave propagation (Fig. 1 ). Three main categories can be distinguished: pico-cells which concem communications inside a building, micro-cells which refer to communications on a district scale (or a small city), and finally macro-cells which include cities and their neighborhoods. The specific characteristics of these environments determine the operation of the communication systems. The larger the cell size is, the more the delays are significant and the received power is reduced. Consequently, it is more difficult to reach good perfonnances especially when high data rate must be obtained.
In these environments, the main physical phenomena affecting the transmitted signal are the following: * reflection: it appears when the wave impinges upon an object whose size is larger than the wavelength and the irregularities of surface smaller than this same wavelength. Then, the incident wave is partly reflected and the other part is refracted (Fig. 2.A) . The refraction describes the wave transmitted through the obstacle. If the obstacle is perfectly conductive, there is no transmitted wave, all energy is reflected, * diffusion: when reflection occurs on an object whose surface roughness has dimensions comparable with the wavelength, the reflection becomes diffuse, i.e. incident energy is radiated in all the directions (Fig. 2.B It is one of the phenomena that contribute to deteriorate the received signal. In addition, the transmitter and/or the receiver, as well as the obstacles (vehicles, pedestrians, etc.), can be mobile. Thus, the various paths will evolve in time, some of them being able to appear or disappear: the channel is time-variant.
Moreover, the multipath propagation involves fading [2] and spread of the received signal in various fields:
* the RMS delay spread is due to the differences between the delays of different paths. It is related to the coherence bandwidth and gives information on the frequency selectivity of the radio propagation channel, * the spread of the AOA (angle of arrival) is due to the directions of arrival of different paths, * the Doppler spread which depends on the relative mobility of the transmitter-receiver-scatterers and determines the coherence time.
III. HARDWARE SIMULATOR: PRINCIPLE, CHANNEL
MODELING AND OPERATION The simulator must reproduce the behavior of a MIMO propagation channel for a specific environment, indoor or outdoor. This makes it possible to check the correct operation of the new Fig. 4 by the gray blocks. There are several classes of channel models [5] : the parametric and nonparametric models and, in each one of these classes, the deterministic and stochastic models. The channel models used by the simulator will be obtained from measurements by using a time domain MIMO channel sounder designed and realized at the IETR [6] , as shown in Fig. 7 . For this MIMO channel, the signal yj(t,z) received by the jth receive antenna can by easily obtained: yj(t,r) = x1(t,) * h1j(t,j) + x2(t,) * h2j(t,z), j = 1,2 (1)
For a hardware implementation, it is easier to use the Fourier transform to replace the convolution by an algebraic product: Yj(t,f) = X1(t,f).H1j(t,f) + X2(t,f).H2j(t,f), j = 1,2 (2) Each randomly time-variant SISO channel is described by one of the Bello's characteristic functions [4] , as shown in Fig. 6 . The knowledge of one characteristic function makes it possible to compute the other characteristic functions by using the direct or inverse Fourier Transform. This MIMO channel sounder is based on the correlation technique [1] . For each SISO channel, the sounder gives the measured complex envelope of its impulse response. During the measurement of all SISO channels, the MIMO channel must be practically invariant. This limits the mobile speed and therefore the maximal value of the Doppler shift.
The simplest way to use these measurement results is to compute, for each location of the mobile transmitter, the frequency responses HiJ(t,f) as Fourier transforms of the impulse responses hi -(t, t) of the MIMO propagation channel. These frequency responses can be used to supply the "Channel model" block of each SISO channel, as shown in Fig. 4 . Periodically, the frequency responses must be actualized, in order to simulate the channel time-evolution. The "refreshing" period of the frequency responses is determined by the channel coherence time, thus by the mobile speed and the propagation environment. As the number of the recorded files is finite, it will be necessary to periodically replay the whole set of frequency responses.
A more elaborate way to use the measurement results is to determine a statistical MIMO channel for each type of propagation environment (indoor, urban, rural, mountainous, etc.) and to generate hij(t, ) profiles within the digital block.
In this case, local FFT (Fast Fourier Transform) modules are required to compute the frequency responses H, (t,f) to be used by (2) . Finally, for each receive antenna, an IFT will be used to obtain the time response yj(t, t). C. Digital Block By using the Nyquist-Shannon theorem and the expected performances of the RF/IF filters, the sampling frequency fe was chosen as fe > 2B, i.e. 40 MHz for UMTS systems and 50 MHz for WLAN systems. This choice allows a reasonable low sampling rate and avoids the aliasing problems.
According to the considered propagation environments, Table I summarizes some useful parameters. As shown in Fig. 9 , for RF receiver and transmitter, the blocks "Attenuator" and "Amplifier" are controlled respectively via "Control bus" and "Gain control bus" in order to adjust the reception and transmission power by the automatic gain control (AGC). The resulting W, is also given in Table I .
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For each environment, the maximum Doppler frequency can be calculated from the mobile speed and the carrier frequency. The coherence time can then be computed.
As shown in Fig. 9 After a comparative study, in order to reduce the complexity of the digital block, the output signal of the MIMO simulator will be computed in the frequency domain. A software propagation simulator for a SISO channel was therefore produced by using the PTOLEMY development environment. This work will be continued to complete the design of the architecture of the hardware simulator by the choice of the number of bits per sample, data format (floatingpoint, fixed-point), minimization of the latency of the digital block, etc.
In order to obtain realistic models for different propagation environments, a MIMO channel sounder, realized by IETR was already used to perform several SISO and MIMO measurement campaigns. The analysis of the resulting data allowed a theoretical approach concerning the characterization of the MIMO propagation channel.
More measurement campaigns will be carried out with this MIMO channel sounder for various types of environments (indoor, outdoor, penetration), for both UMTS and WLAN frequency bands. The final objective of these measurements is to obtain realistic and reliable MIMO channel models in order to supply the digital block of the hardware simulator.
Lastly, the digital block of the MIMO hardware simulator will be implemented as an electronic module. A Graphical User Interface (GUI) will be also developed to allow the user to configure the channel parameters: environment type, channel model, time window, mobile speed, etc.
